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INTRODUCTION: 


Ligand  binding  to  nuclear  receptors  including  the  AR  is  regulated  by  molecular  chaperones.  The  central 
player  in  this  reaction  is  Hsp90,  an  ATP-utilizing  chaperone  that  interacts  transiently  with  LBDs  to 
stabilize  a  conformation  that  is  appropriate  for  ligand  binding  (Pratt  and  Toft,  1997b).  Less  well 
understood  are  the  co-chaperones  that  belong  to  the  immunophilin  class  of  proteins,  FK506-binding 
proteins  FKBP51  and  FKBP52,  and  cyclosporin  A  binding  protein  Cyp40.  These  co-chaperones  have  N- 
terminal  domains  with  peptidyl-prolyl  isomerase  activity,  and  C-terminal  domains  that  contain  three 
tetratricopeptide  repeats  (TPR)  that  mediate  binding  to  Hsp90  (Ratajczak  et  al.,  2003).  The  functions  of 
FKBP51  and  FKBP52,  which  are  70%  identical  at  the  protein  level,  have  been  studied  mostly  in  the 
context  of  the  PR  and  glucocorticoid  receptor  (GR).  FKBP51  negatively  regulates  GR  and  PR  activity  by 
reducing  hormone  binding  affinity  (Denny  et  al.,  2000).  In  contrast,  FKBP52  enhances  GR,  PR,  and  AR 
responsiveness  to  cognate  hormone  (Riggs  et  al.,  2003).  FKBP52  knockout  mice  have  developmental 
defects  in  reproductive  tissues  (in  males)  consistent  with  reduced  AR  signaling  and  a  failure  of  embryo 
implantation  (in  females)  consistent  with  reduced  PR  signaling  (Cheung-Flynn  et  al.,  2005;  Yong  et  al., 
2007b).  These  observations  together  with  the  apparent  absence  of  a  phenotype  in  mice  lacking  FKBP51 
led  to  the  conclusion  that  FKBP51  does  not  play  a  significant  role  in  AR  signaling  (Yong  et  al.,  2007b). 
Here  we  show  the  Hsp90  co-chaperone  FKBP51  is  over-expressed  in  a  xenograft  model  of  Al  prostate 
cancer,  and  describe  a  molecular  mechanism  for  how  FKBP51  promotes  AR  signaling  in  prostate  cancer 
cells. 

BODY: 

PROGRESS  WITH  RESPECT  TO  THE  STATEMENT  OF  WORK 

Task  1  Optimize  FKBP51  staining  on  paraffin-embedded  samples  (month  1). 

Progress:  FKBP51  antibodies  have  not,  as  yet,  proven  to  be  sufficiently  specific  and  sensitive  for  TMA 
work,  thus  we  are  still  trouble  shooting  these  reagents  with  the  hope  of  performing  the  TMA  analysis.  We 
have  generated  our  own  rabbit  antibodies  and  affinity-purified  them  on  recombinant  FKBP51,  and  tested 
them  by  multiple  assays  to  determine  reactivity  and  specificity.  This  has  been  a  major  activity  of  this 
reporting  period. 

Task  2  FKBP51  immunocytochemistry  on  in-house  TMA  (months  1-3). 

Progress:  This  task  has  not  been  initiated  because  it  requires  completion  of  TASK  1 . 

Task  3  FKBP51  immunocytochemistry  on  TMA  from  NCI  (months  1-3). 

Progress:  This  task  has  not  been  initiated  because  it  requires  completion  of  TASK  2. 

Task  4  Statistical  analysis  of  TMA  results  (month  4). 

Progress:  This  task  has  not  been  initiated  because  it  requires  completion  of  TASK  3. 

Task  5  Characterize  growth  rates  of  FKBP51  over-expressing  lines  in  culture  (low  androgen, 

anti-androgens)  (months  4-10). 

Progress:  COMPLETED  IN  PREVIOUS  YEAR 

Task  6  Measure  sub-cutaneous  tumor  growth  using  FKBP51  lines  (months  6-12). 

Progress:  Larger  experiment  (more  mice)  have  been  planned  but  not  executed.  We  have  generated 
cells  lines  stably  depleted  of  FKBP51,  which  represent  critical  controls  for  the  over-expression 
experiments.  This  has  been  a  major  activity  of  this  reporting  period. 

Task  7  Intra-femoral  injections  with  FKBP51  C4-2b  lines,  measure  bone  changes  by 

Faxitron  (months  10-16). 

Progress:  This  experiment  has  not  been  performed  because  we  want  to  complete  the  sub-cutaneous 
growth  experiments  before  the  bone  experiments. 
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Task  8  Quantitative  histomorphometry  on  bone  experiments  (months  16-21). 

Progress:  This  TASK  has  not  been  performed  because  it  depends  on  completion  of  the  bone 
experiments. 

Task  9  Test  FKBP51  shRNA  lines  for  sub-cutaneous  and  bone  growth  (months  18-24). 

Progress:  The  cell  lines  needed  for  this  experiment  have  been  generated  and  partly  characterized  (see 
paragraph  4). 

Task  10  Determine  androgen  sensitivity  of  FKBP51  lines,  sub-cutaneous  and  in  bone  (months 
18-21). 

Progress:  This  work  has  not  been  initiated. 

Task  11  Refine  and  repeat  experiments,  write  manuscript,  submit  for  publication  (months  21-24). 
Progress:  COMPLETED  IN  PREVIOUS  YEAR 

Task  12  Use  ligand  binding  assays  to  measure  estrogen  binding  to  AR  (month  25). 

Progress:  This  work  has  not  been  initiated. 

Task  13  Use  competition  assays  to  determine  Bmax  and  Ki  values  for  anti-androgens  in  response 
to  FKBP51  (months  25-27). 

Progress:  Pilot  experiments  using  a  protein  interaction  assay  described  in  Li  et  al  2010  were  performed; 
a  more  rigorous  approach  with  radiolabeled  ligand  is  being  planned. 

Task  14  Use  proteolytic  digestion  to  measure  Hsp90  conformational  changes  (months  26-27). 
Progress:  This  work  has  not  been  initiated  owing  to  difficulties  with  recombinant  protein  preparation. 

Task  15  Determine  if  FKBP51  increases  Hsp90  affinity  for  AR  by  biochemical  reconstitution 
(months  26-28). 

Progress:  COMPLETED  IN  PREVIOUS  YEAR 

Task  16  Test  whether  FKBP51  regulates  the  ATPase  cycle  of  Hsp90  by  nucleotide  exchange 
(month  27-29). 

Progress:  This  work  has  not  been  initiated. 

Task  17  Determine  if  FKBP51  inhibition  sensitizes  Hsp90  to  17-AAG  for  cell  growth  (months  29- 
33). 

Progress:  COMPLETED  IN  PREVIOUS  YEAR 

Task  18  Determine  if  FKBP51  inhibition  sensitizes  Hsp90  to  17-AAG  for  androgen  binding  and 
AR-dependent  transcription  (months  29-33). 

Progress:  This  work  has  not  been  initiated. 

Task  19  Refine  and  repeat  experiments,  write  manuscript,  submit  for  publication  (months  33-36). 
Progress:  This  work  has  not  been  initiated. 


KEY  RESEARCH  ACCOMPLISHMENTS  DURING  THE  REPORTING  PERIOD: 

1.  Developed  antibodies  and  several  prostate  cancer  cell  lines  to  analyze  how  FKBP51  promotes 
tumorigenesis. 

2.  Performed  pilot  experiments  to  study  FKBP51  effects  on  tumor  growth,  and  potential  responsiveness 
to  androgen  depletion  by  castration. 
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REPORTABLE  OUTCOMES 

1 .  We  developed  two  affinity-purified  rabbit  antibodies  that  show  good  specificity  and  sensitivity  for 
FKBP51  detection  by  immunoblotting  (Figure  1).  Unfortunately  these  antibodies  do  not  work  on 
paraffin-embedded  prostate  specimens,  which  was  the  primary  application  intended  for  these 
reagents.  Note  a  wide  range  of  antigen  retrieval  methods  were  tested  by  our  collaborator,  a 
surgical  pathologist  with  >20  years  experience.  It  is  fairly  common  for  antibodies  to  work  in 
multiple  assays,  but  not  by  IHC  on  paraffin  sections. 


anti-Hsp90 


anti-FKBP51 


1  2  3  4  5 


Figure  1.  Characterization  of  affinity-purified  FKBP51  antibodies.  Full-length,  recombinant  hyman  FKBP51  was 
injected  into  two  rabbits  over  a  course  of  four  months,  and  the  resulting  anti-serum  was  purified  on  the  same 
antigen  immobilized  on  Sepharose  beads.  Affinity  purified  antibody  (1  microgram/ml)  was  used  to  probe  lysates 
from  PC-3  cells  transfected  with  the  indicated  forms  of  FKBP51.  Lane  1,  vector  control.  Lane  2,  full-length 
FKBP51 .  Lane  3,  FK1  domain  deletion.  Of  FKBP51 .  Lane  4,  FK2  domain  deletion  of  FKBP51 .  Lane  5.  TPR 
domain  deletion  of  FKBP51 .  The  antibody  does  not  recognize  FKBP51  in  paraffin  sections  (data  not  shown). 
The  second  affinity-purified  antibody  gives  identical  results  in  the  two  assays. 


2.  We  developed  nine  prostate  cancer  cell  lines  (including  controls)  with  stably  depleted/reduced 
levels  of  FKBP51  (Figure  2). 


51  Shi  51  Sh2  GFP  Sh 
1nMR1881  -  +  -  +  -  + 


AR 


FKBP51 


LNCaP 


51  Shi  51Sh2GFPSh  51  Shi 

-I-  -  -I-  -  +  -  -I- 


C4-2 


51  Sh2  GFP  Sh 
-  +  -  + 


C4-2b 


Figure  2.  Development  of  prostate  cancer  cell  lines  with  reduced  levels  of  FKBP51.  The  LNCaP  series  was 
transduced  with  lentivirus  encoding  control  (GFP)  or  FKBP51 -specific  shRNA  (51  Shi,  51  Sh2)  and  selected  for 
antibiotic  resistance  (puromycin).  Synthetic  androgen  treatment  (R1881)  for  24  hr  induces  FKBP51  expression, 
which  is  reduced  to  different  extents  by  the  two  shRNAs. 


3.  We  developed  four  LNCaP  lines  (including  controls)  stably  over-expressing  FKBP51  (Figure 
3). 
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Con  #1  Con  #2  FKBP51  #1 


FKBP51  #2 


R1881  (nM) 

AR 

FKBP51 


0  1  0  1  0  0.01  0.1  1  0  0.01  0.1  1 


'<»4 


ectopic 

endogenous 


Figure  3.  Stable  over-expression  of  FKBP51  in  LNCaP  cells.  Lentivirus  encoding  Flag-tagged  FKBP51  was 
used  to  transduce  celsl,  and  selection  was  performed  in  puromycin. 


4.  We  performed  pilot  experiments  to  assess  the  affects  of  FKBP51  on  tumor  growth,  including 
testing  whether  FKBP51  might  help  tumors  survive  in  response  to  reduced  androgen 
environment  (Figure  4). 


Week 


Figure  4.  Growth  of  LNCaP-FKBP51  prostate  cancer  cells  as  xenografts  in  scid  mice  (6  mice/group).  Control 
and  FKBP51  over-expressing  cells  were  injected  sub-cutaneous  (4  x  10®)  and  tumor  growth  assessed  by 
caliper  measurement.  Typical  growth  curves  for  control  and  FKBP51  cells  are  shown  (left  panel).  There  was 
variability  in  the  latency  of  tumor  establishment  and  growth  that  did  not  appear  to  be  related  to  FKBP51 
expression.  The  mice  were  castrated  when  the  tumors  reached  -600  mm®;  androgen  depletion  by  this 
approach  did  not  have  an  obvious  effect  in  either  set  of  mice.  The  doubling  time  for  control  and  FKBP51- 
overexpressing  tumors  (right  panel)  appears  to  be  Increased  slightly  by  FKBP51,  but  the  effect  is  not 
statistically  significant  (unpaired  t  test).  A  larger  experiment  will  be  performed  to  rigorously  address  this 
question. 


CONCLUSIONS 

The  antibodies  we  have  developed  are  inadequate  for  IHC  studies.  To  address  this  bottleneck  we  will 
determine  if  RT  PCR  methods  can  be  used  to  interrogate  FKBP51  expression  on  frozen  prostate  cancer 
samples  (or  possibly  paraffin  samples).  The  cell  lines  we  have  developed  should  be  useful  for  analyzing 
FKBP51  contributions  to  cell  growth,  both  in  vitro  and  in  vivo. 

We  have  taken  a  highly  focused  approach  that  involved  testing  whether  the  expression  of  protein 
chaperones  with  known  links  to  steroid  hormone  binding  are  altered  in  Al  prostate  cancer,  and  found  that 
the  co-chaperone  FKBP51  is  over-expressed  in  Al  xenografts  propagated  in  castrated  mice.  FKBP51  is  a 
peptidyl  prolyl  isomerase  that  binds  the  immunosuppressants  FK506  and  rapamycin. 


8 


We  found  that  FKBP51  promotes  AR-dependent  transcription  using  both  reporter-  and  endogenous 
gene-based  assays,  consistent  with  published  data  (Febbo  et  al.,  2005).  Moreover,  FKBP51  enhanced 
LNCaP  cell  growth  in  response  to  low  (50  pM)  androgen.  The  growth  benefit  of  FKBP51  in  LNCaP  cells 
was  inhibited  by  17-AAG,  which  links  FKBP51  to  Hsp90  function.  We  obtained  direct  evidence  that 
FKBP51  induces  assembly  of  the  Hsp90  superchaperone  complex,  and  that  this  regulates  the  LBD  of 
AR.  This  involves  FKBP51  contact  with  Hsp90  and  recruitment  of  p23,  a  co-chaperone  known  to  stabilize 
Hsp90  binding  to  client  proteins  (McLaughlin  et  al.,  2006).  Crystallographic  analysis  revealed  that  p23 
recognizes  the  ATP-bound,  closed  conformation  of  Hsp90:  a  major  contact  surface  for  p23  is  formed  by 
“lid”  closure  of  Hsp90  (AN  et  al.,  2006).  Thus,  FKBP51  may  promote  ATP  binding  or  lid  closure,  or  it  may 
stabilize  another  mobile  element  in  Hsp90  structure  such  as  the  catalytic  loop  that  is  contacted  by  p23 
(AN  et  al.,  2006).  Hsp90  inhibitors  are  promising  as  therapeutics  because  Hsp90  regulates  client  proteins 
including  AR  that  are  critical  for  signal  transduction  and  cell  growth  in  cancer  (Pearl  et  al.,  2008).  High 
dose  17-AAG,  however,  causes  skeletal  complications  and  increases  Hsp70  levels,  the  latter  of  which 
may  promote  tumor  resistance  to  therapy  (Powers  et  al.,  2008;  Price  et  al.,  2005).  Hsp90  inhibitors  used 
in  combination  with  drugs  that  target  co-chaperones  that  function  in  the  same  multi-subunit  complex  is  a 
potential  strategy  for  inhibiting  clients  such  as  AR  that  are  highly  dependent  on  the  superchaperone 
complex.  By  promoting  Hsp90  superchaperone  complex  assembly,  FKBP51  has  a  quantitative  effect  on 
androgen  signaling  by  increasing  the  number  of  AR  molecules  that  are  subsequently  loaded  with 
hormone.  Because  androgen-bound  AR  regulates  FKBP51  expression,  this  creates  a  feed-forward 
mechanism  that  could  amplify  AR  signaling  under  low  hormone  conditions  that  occur  during  androgen 
ablation.  Our  studies  validate  FKBP51  as  a  drug  target  in  advanced  prostate  cancer. 

REFERENCES: 

AN,  M.  M.,  Roe,  S.  M.,  Vaughan,  C.  K.,  Meyer,  P.,  Panaretou,  B.,  Piper,  P.  W.,  Prodromou,  C.,  and  Pearl, 
L.  H.  (2006).  Crystal  structure  of  an  Hsp90-nucleotide-p23/Sba1  closed  chaperone  complex.  Nature  440, 
1013-1017. 

Barent,  R.  L.,  Nair,  S.  C.,  Carr,  D.  C.,  Ruan,  Y.,  Rimerman,  R.  A.,  Fulton,  J.,  Zhang,  Y.,  and  Smith,  D.  F. 
(1998).  Analysis  of  FKBP51/FKBP52  chimeras  and  mutants  for  Hsp90  binding  and  association  with 
progesterone  receptor  complexes.  Mol  Endocrinol  12,  342-354. 

Chen,  C.  D.,  Welsbie,  D.  S.,  Tran,  C.,  Baek,  S.  H.,  Chen,  R.,  Vessella,  R.,  Rosenfeld,  M.  G.,  and 
Sawyers,  C.  L.  (2004).  Molecular  determinants  of  resistance  to  antiandrogen  therapy. [see  comment]. 
Nature  Medicine  10,  33-39. 

Cheung-Flynn,  J.,  Prapapanich,  V.,  Cox,  M.  B.,  Riggs,  D.  L.,  Suarez-Quian,  C.,  and  Smith,  D.  F.  (2005). 
Physiological  role  for  the  cochaperone  FKBP52  in  androgen  receptor  signaling.  Mol  Endocrinol  19,  1654- 
1666. 

Denny,  W.  B.,  Valentine,  D.  L.,  Reynolds,  P.  D.,  Smith,  D.  F.,  and  Scammell,  J.  G.  (2000).  Squirrel 
monkey  immunophilin  FKBP51  is  a  potent  inhibitor  of  glucocorticoid  receptor  binding.  Endocrinology  141, 
4107-4113. 

Febbo,  P.  G.,  Lowenberg,  M.,  Thorner,  A.  R.,  Brown,  M.,  Loda,  M.,  and  Golub,  T.  R.  (2005).  Androgen 
mediated  regulation  and  functional  implications  of  fkbp51  expression  in  prostate  cancer.[see  comment]. 
Journal  of  Urology  173,  1772-1777. 

Kesler,  C.  T.,  Gioeli,  D.,  Conaway,  M.  R.,  Weber,  M.  J.,  and  Paschal,  B.  M.  (2007).  Subcellular 
localization  modulates  activation  function  1  domain  phosphorylation  in  the  androgen  receptor.  Mol 
Endocrinol  21,  2071-2084. 


9 


Klein,  K.  A.,  Reiter,  R.  E.,  Redula,  J.,  Moradi,  H.,  Zhu,  X.  L.,  Brothman,  A.  R.,  Lamb,  D.  J.,  Marcelli,  M., 
Belldegrun,  A.,  Witte,  O.  N.,  and  Sawyers,  C.  L.  (1997).  Progression  of  metastatic  human  prostate 
cancer  to  androgen  independence  in  immunodeficient  SCID  mice.  Nature  Medicine  3,  402-408. 

Magee,  J.  A.,  Chang,  L.  W.,  Stormo,  G.  D.,  and  Milbrandt,  J.  (2006).  Direct,  androgen  receptor-mediated 
regulation  of  the  FKBP5  gene  via  a  distal  enhancer  element.  Endocrinology  147,  590-598. 

McLaughlin,  S.  H.,  Sobott,  F.,  Yao,  Z.  P.,  Zhang,  W.,  Nielsen,  P.  R.,  Grossmann,  J.  G.,  Laue,  E.  D., 
Robinson,  C.  V.,  and  Jackson,  S.  E.  (2006).  The  co-chaperone  p23  arrests  the  Hsp90  ATPase  cycle  to 
trap  client  proteins.  J  Mol  Biol  356,  746-758. 

Morishima,  Y.,  Kanelakis,  K.  C.,  Murphy,  P.  J.,  Lowe,  E.  R.,  Jenkins,  G.  J.,  Osawa,  Y.,  Sunahara,  R.  K., 
and  Pratt,  W.  B.  (2003).  The  hsp90  cochaperone  p23  is  the  limiting  component  of  the  multiprotein 
hsp90/hsp70-based  chaperone  system  in  vivo  where  it  acts  to  stabilize  the  client  protein:  hsp90  complex. 
J  Biol  Chem  278,  48754-48763. 

Nagabhushan,  M.,  Miller,  C.  M.,  Pretlow,  T.  P.,  Giaconia,  J.  M.,  Edgehouse,  N.  L.,  Schwartz,  S.,  Kung,  H. 
J.,  de  Vere  White,  R.  W.,  Gumerlock,  P.  H.,  Resnick,  M.  I.,  et  al.  (1996).  CWR22:  the  first  human 
prostate  cancer  xenograft  with  strongly  androgen-dependent  and  relapsed  strains  both  in  vivo  and  in  soft 
agar.  Cancer  Res  56,  3042-3046. 

Pearl,  L.  H.,  Prodromou,  C.,  and  Workman,  P.  (2008).  The  Hsp90  molecular  chaperone:  an  open  and 
shut  case  for  treatment.  Biochem  J  410,  439-453. 

Periyasamy,  S.,  Warner,  M.,  Tillekeratne,  M.  P.,  Shou,  W.,  and  Sanchez,  E.  R.  (2007).  The  immunophilin 
ligands  cyclosporin  A  and  FK506  suppress  prostate  cancer  cell  growth  by  androgen  receptor-dependent 
and  -independent  mechanisms.  Endocrinology  148,  4716-4726. 

Plymate,  S.  R.,  Tennant,  M.  K.,  Culp,  S.  H.,  Woodke,  L.,  Marcelli,  M.,  Colman,  I.,  Nelson,  P.  S.,  Carroll, 

J.  M.,  Roberts,  C.  T.  J.,  and  Ware,  J.  L.  (2004).  Androgen  receptor  (AR)  expression  in  AR-negative 
prostate  cancer  cells  results  in  differential  effects  of  DHT  and  IGF-I  on  proliferation  and  AR  activity 
between  localized  and  metastatic  tumors.  Prostate  61,  276-290. 

Powers,  M.  V.,  Clarke,  P.  A.,  and  Workman,  P.  (2008).  Dual  targeting  of  HSC70  and  HSP72  inhibits 
HSP90  function  and  induces  tumor-specific  apoptosis.  Cancer  Cell  14,  250-262. 

Pratt,  W.  B.,  and  Toft,  D.  (1997a).  Steroid  Receptor  Interactions  with  Heat  Shock  Protein  and 
Immunophilin  Chaperones.  Endocrine  Reviews  18,  306-360. 

Pratt,  W.  B.,  and  Toft,  D.  (1997b).  Steroid  Receptor  Interactions  with  Heat  Shock  Protein  and 
Immunophilin  Chaperones.  Endocrine  Rev  18,  306-360. 

Price,  J.  T.,  Quinn,  J.  M.  W.,  Sims,  N.  A.,  Vieusseux,  J.,  Waldeck,  K.,  Docherty,  S.  E.,  Myers,  D., 
Nakamura,  A.,  Waltham,  M.  C.,  Gillespie,  M.  T.,  and  Thompson,  E.  W. 

(2005).  The  heat  shock  protein  90  inhibitor,  17-allylamino-17-demethoxygeldanamycin,  enhances 
osteoclast  formation  and  potentiates  bone  metastasis  of  a  human  breast  cancer  cell  line.  Cancer 
Research  65,  4929-4938. 

Ratajczak,  T.,  Ward,  B.  K.,  and  Minchin,  R.  F.  (2003).  Immunophilin  chaperones  in  steroid  receptor 
signalling.  CurrTop  Med  Chem  3,  1348-1357. 


10 


Riggs,  D.  L.,  Cox,  M.  B.,  Tardif,  H.  L.,  Hessling,  M.,  Buchner,  J.,  and  Smith,  D.  F.  (2007).  Noncatalytic 
role  of  the  FKBP52  peptidyl-prolyl  isomerase  domain  in  the  regulation  of  steroid  hormone  signaling.  Mol 
Cell  Biol  27,  8658-8669. 

Riggs,  D.  L.,  Roberts,  P.  J.,  Chirillo,  S.  C.,  Cheung-Flynn,  J.,  Prapapanich,  V.,  Ratajczak,  T.,  Gaber,  R., 
Picard,  D.,  and  Smith,  D.  F.  (2003).  The  Hsp90-binding  peptidylprolyl  isomerase  FKBP52  potentiates 
glucocorticoid  signaling  in  vivo.  EMBO  J  22,  1158-1167. 

Russell,  L.  C.,  Whitt,  S.  R.,  Chen,  M.  S.,  and  Chinkers,  M.  (1999).  Identification  of  conserved  residues 
required  for  the  binding  of  a  tetratricopeptide  repeat  domain  to  heat  shock  protein  90.  J  Biol  Chem  274, 
20060-20063. 

Saporita,  A.  J.,  Ai,  J.,  and  Wang,  Z.  (2007).  The  Hsp90  inhibitor,  17-AAG,  prevents  the  ligand- 
independent  nuclear  localization  of  androgen  receptor  in  refractory  prostate  cancer  cells.  Prostate  67, 
509-520. 

Workman,  P.  (2004).  Altered  states:  selectively  drugging  the  Hsp90  cancer  chaperone.  Trends  Mol  Med 
10,  47-51. 


Yang,  C.-S.,  Xin,  H.-W.,  Kelley,  J.  B.,  Spencer,  A.,  Brautigan,  D.  L.,  and  Paschal,  B.  M.  (2007).  Ligand 
binding  to  the  androgen  receptor  induces  conformational  changes  that  regulate  phosphatase 
interactions.  Molecular  &  Cellular  Biology  27,  3390-3404. 

Yeh,  W.  C.,  Li,  T.  K.,  Bierer,  B.  E.,  and  McKnight,  S.  L.  (1995).  Identification  and  characterization  of  an 
immunophilin  expressed  during  the  clonal  expansion  phase  of  adipocyte  differentiation.  Proc  Natl  Acad 
Sci  U  S  A92,  11081-11085. 

Yong,  W.,  Yang,  Z.,  Periyasamy,  S.,  Chen,  H.,  Yucel,  S.,  Li,  W.,  Lin,  L.  Y.,  Wolf,  I.  M.,  Cohn,  M.  J., 
Baskin,  L.  S.,  et  ai  (2007a).  Essential  role  for  Co-chaperone  Fkbp52  but  not  Fkbp51  in  androgen 
receptor-mediated  signaling  and  physiology.  J  Biol  Chem  282,  5026-5036. 

Yong,  W.,  Yang,  Z.,  Periyasamy,  S.,  Chen,  H.,  Yucel,  S.,  Li,  W.,  Lin,  L.  Y.,  Wolf,  I.  M.,  Cohn,  M.  J., 
Baskin,  L.  S.,  et  ai  (2007b).  Essential  role  for  Co-chaperone  Fkbp52  but  not  Fkbp51  in  androgen 
receptor-mediated  signaling  and  physiology.  J  Biol  Chem  282,  5026-5036. 


11 


